ABSTRACT
INTRODUCTION
Point mutations may have downstream effects on DNA replication. Liu et al. (4) recently reported downstream inhibition of polymerase chain reaction (PCR) amplification by a point mutation. In the context of a comprehensive screen for mutations in the tumor necrosis factor receptor 1 (TNFR1) gene (2), we identified an A→G point mutation at position 845 (GenBank ® Accession No. X69810). This is a silent (proline →proline) mutation in exon 1, nucleotide 36, in a segment that encodes the signal peptide. Using an upstream sequencing primer, we discovered an apparent complex sequence change consisting of micro deletions and insertions. Investigation of this anomalous sequence revealed another potential downstream effect of a point mutation.
MATERIALS AND METHODS

Oligonucleotides
The position of the amplification and sequencing primers are shown in Figure 1 . The precise size and location of the oligonucleotides is given by their informative names. For example, I1 (890) 19U indicates a primer 19 bases in length, the 5 ′ end of which anneals at position 890 of intron 1; the orientation of the oligonucleotide is upstream, which is opposite the direction of transcription. Intron 1 is the intron following exon 1. The primer sequences are described in Table 1 . 
PCR Amplification
The DNA segment containing the 5 ′ regulatory regions and exon 1 was amplified over 30 cycles under the following conditions: denaturation at 95°C for 15 s, annealing at 58°C for 30 s and elongation at 72°C for 2 min on a GeneAmp ® PCR System 9600 (PerkinElmer, Norwalk, CT, USA).
Cycle Sequencing
Cycle sequencing reactions were performed on a GeneAmp PCR System 9600 in a final volume of 8 µ L. The reaction mixture consisted of the following: 50 mM Tris-HCl (pH 8.8), 50 mM KCl, 2.5 mM MgCl 2 , 10 µ M deoxyribonucleotide mixture; 100 µ M ddGTP, 400 µ M ddATP, 600 µ M ddTTP or 200 µ M ddCTP, 0.02 pmol/ µ L of each radiolabeled primer (downstream or upstream); 0.5 U of TaqDNA Polymerase (Boehringer Mannheim, Indianapolis, IN, USA); 1 µ L of amplified DNA product diluted eightfold. In some experiments, other polymerases were used instead of Taq , including Tth and Expand ™Hi-Fidelity PCR System (Boehringer Mannheim).
The reaction was terminated by the addition of an equal volume of a Stop Loading buffer (50% formamide, 20 mM EDTA, 7 M urea and 1% wt/vol bromophenol blue and xylene cyanol). After denaturation at 100°C for 3 min, 1.5 µ L of the mixture was loaded onto a 6% polyacrylamide gel containing 7 M urea and 1. for 2 h at 60 W. The gel was transferred onto blotting paper, dried and subjected to autoradiography for 24-72 h.
Cycle sequencing reactions were repeated by substituting 2500 µ M 7 -deaza-dGTP for dGTP in the deoxyribonucleotide mixture. In some experiments, the reaction products were electrophoresed on a formamide denaturing 8% polyacrylamide gel consisting of 40% formamide (vol/vol), 7 M urea, 8% Long Ranger ® (J.T. Baker, Phillipsburg, NJ, USA) and 1.2 × TBE buffer.
RESULTS
Apparent Sequence Anomaly with Upstream Primer
The apparent sequence anomaly is illustrated in a patient homozygous for the A→G transition at position 845 ( Figure 2) . Using a primer oriented in the upstream (3 ′ to 5 ′ ) direction, we detected either a T (wild-type) or C (variant) sequence when evaluating the sense strand. Five base pairs downstream of the A→G transition, an apparent series of insertions and deletions is evident. This pattern was consistently observed in all patients homozygous for the point mutation. Heterozygotes displayed both patterns (Figure 3) .
The pattern was seen with all four upstream sequencing primers, the 3 ′ nucleotides of which were as close as 15 bp and as far as 137 bp from the point mutation. The apparent sequence change was independent of the polymerase used (data not shown).
The Apparent Sequence Anomaly is Due to Compression
Cycle sequencing using primers oriented in the downstream (5 ′ to 3 ′ ) direction revealed the presence of the point mutation but otherwise showed the wild-type sequence, indicating that the amplified DNA segment was the same as the wild-type sequence aside from the A→G transition (data not shown). Formamide gel electrophoresis of the products of the cycle-sequencing reaction using the upstream primers resolved the sequence anomaly and revealed the presence of the point mutation in the otherwise wild-type sequence ( Figure 4) . Hence, the apparent insertions and deletions were due to compression. Inclusion of 7-deazadGTP in the reaction partially resolved the compressed sequence, although not as well as the formamide gel (data not shown).
DISCUSSION
Upstream effects of point mutations have been described, including interference with DNA amplification (4). However, the phenomenon that we observed was not a sequence change but rather a compression of the DNA sequencing products presumably due to alteration in secondary structure of DNA despite denaturation at 100°C for 3 min. Because the apparent sequence anomaly is specifically associated with a point mutation 5 bp upstream, one might misinterpret the finding as a complex mutation consisting of microdeletions and insertions. An apparent sequence change of this type following a single base pair change should lead one to apply techniques designed to eliminate DNA compression. Such techniques include the incorporation of 7-deaza-dGTP (1), N-4 methyl-dCTP (3) in the sequence reaction or the use of a strong denaturant such as formamide or dimethyl sulfoxide (DMSO) in the gel (6) .
Compressions are particularly likely to occur at sites of repetitive DNA sequence that are prone to form secondary structures such as hairpins. Maru70BioTechniques
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yama (5) has reported that formamide gels are particularly helpful in determining the length of CAG repeats, which are often incorrectly estimated because of compression resulting from the propensity of the repetitive sequence to form hairpins. In the cycle sequencing DNA products at the site of the transition that we discovered, we observed there are a series of 4 CAG repeats interrupted by a TGG in individuals with the wild-type sequence. Therefore, the T →C transition in the antisense products likely enhances hairpin formation. We developed a model that explains the segments that are shifted on the denaturing gel and how the variant nucleotide might cause these changes (Figure 5) . Successively longer reaction products generated with the upstream primer are numbered according to the number of bases beyond the transition. (Figure 5 ). We propose that the G corresponding to position 840 leads to the formation of a hairpin structure by interaction with the variant C nucleotide corresponding to position 845. This interaction does not occur when the wild-type T nucleotide is present at position 845. This product (+5) is the first to show a downward shift on the gel. The next elongation product (+6) is shifted even further down the gel because the hairpin is stabilized by additional hydrogen bonds (G at position 846). Subsequent products show the anticipated elongation, indicating no further effect of this hairpin structure; although, further interaction by the G corresponding to position 837 with the C at position 848 might further favor hairpin formation.
These experiments demonstrate that compression of DNA may be induced by a point mutation. Because the effect is observed only in patients that carry the mutation, compression could be misinterpreted as a true sequence variation. This phenomenon should be considered when an apparent sequence change, particularly micro deletions and/or insertions, are encountered in close relationship to an upstream point mutation.
INTRODUCTION
Determination of the transcriptioninitiation sites in genes is required for deduction of the promoter position in addition to the measurement of promoter activity. Initiation site is determined using two procedures, primer extension and S1 mapping, which are also useful for quantification of RNA and determination of precursors and processing intermediates of mRNA. In both, 32 P-labeled primer or probe must be prepared before the main reactions. The enzymecatalyzed labeling with 32 P-labeled nucleotide and primer or probe preparation are costly and time-restrictive because of the disintegrative material, and it requires strict performance and many safety precautions. Thus, nonradioactive procedures are desired. Like the enzymatic procedure with dideoxynucleotide for nucleotide sequencing, which is widely used compared to the 72BioTechniques
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